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Abstract 
The research question is the way the mind deals with the mental rotation of visual objects depending on the observer’s body 
position and the spatial orientation of these objects. In the light of the experiment’s data, there are no differences between 
subjects rotating objects in the vertical or horizontal body position and between subjects rotating objects presented in objectively 
different orientations. Only interaction between body position and an object’s orientation significantly modified the process of its 
mental rotation. When we are lying down on one side, then all our representations of the real-world objects have a natural 
tendency to lay down on the same side. This is good evidence for the mental representation’s embodiment. 
Keywords: Mental rotation, spatial orientation, vertical vs. horizontal body position.
1. Introduction 
The tasks requiring the use of the higher cognitive processes, including perception and visual imagery, for the 
decided majority of experiments are done by subjects studied in the vertical position (sitting or standing). This 
privileged orientation of the body organizes all relationships with objects found around us. Objects most quickly and 
most precisely identified are in the typical (canonically) oriented, in relation to the vertical position of the observer’s 
body (Cooper, Shepard, 1973; Hinton, Parsons, 1981; 1988; Shiffrar, Shepard, 1991). The influence it has on 
identifying the object is change in its spatial orientation, which Roger Shepard identified in famous experiments in 
the 1970’s. He was the creator of the paradigm of research on mental rotation (Shepard, Metzler, 1971). Every 
change in the typical orientation of an object from the observer’s vertical axis causes increase in time and loss in 
correctness of performing the task of mental rotation of this object. Shepard (1984) came to the conclusion that one 
of the elements which influences such results of the experiment is the experience of gravitation. 
Psychological research carried out in unusual circumstances (for example in the laying position or in 
weightlessness) revealed the essential influence of disrupting body orientation on the process of visual perception 
(Oman et al., 2002; Oman, 2006; Vidal, Amorim, Berthoz, 2004; Vidal, Berthoz, 2005; Vidal et al., 2003). Oman et 
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al., (2002) stated among others that body position (sitting vs. laying on one’s back) significantly influences the level 
of performing imagery tasks. 
The goal of the presented research in the following article is to verify the hypotheses concerning the influence of 
two factors: body position and two-dimensional orientation of an object (traffic signs) for executing task of their 
mental rotation. In accord with the hypotheses, the correctness of executing the mental rotation task will be greater 
and the time of rotation will be shorter, in the case of concurrence of body position with the typical orientation of the 
rotated object, but not when such a concurrence does occur. At the same time, we predict that this rotation ought to 
be independent of the actual body position, meaning without respect to whether a given person is sitting or for 
example laying on their side.   
2. Method 
2.1. Participants 
132 MA students took part in the experiment (82 women and 50 men) aged 19-27 at the John Paul II Catholic 
University of Lublin (M = 21.76; SD = 1.92). The subjects were randomly divided into twelve groups on account of 
the three levels of the first independent variable: observer’s body position (vertical and horizontal on the left or on 
the right side) times the four levels of the second independent variable: the spatial orientation of mentally rotated 
objects (typical, upside down, left or right oriented). 
2.2. Apparatus 
Stimuli were presented on a 20” WideScreen LCD computer monitor, with 1050 x 1680 pixel resolution. In the 
vertical body position state, the subjects sat at about 60 cm distance from the monitor and responded by the use of 
keyboard with a variable key set. In the horizontal body position state, the subjects were laying on the left or on the 
right side on the comfortable mattress with profiled bolster. They had free access to keys on keyboard. Programs for 
presenting the stimuli and gathering data were written in E-Prime. 
2.3. Stimuli 
A set of 8 European traffic signs (four categories of two signs) were selected in the pilot study (see Fig. 1). 
 Sign’s category Traffic signs 
Warning Domestic animals Level crossing without barriers 
ahead 
Prohibitory No access for carriages pushed or pulled by men 
No access for agricultural motor 
vehicles 
Obligation Obligatory pedestrian path Obligatory bicycle path 
Informational Youth hostel Car wash 
Fig. 1. Stimuli used in the experiment 
Signs were presented in four orientations: canonical (typical) and three non-canonical (upside down, right or left 
oriented) (see Fig 2). 
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Sign’s orientations 
Typical Upside down Right Left 
Fig. 2. Four orientations of non-rotated sign according to the position of the subject’s body (explanation in text) 
Traffic sign orientation shown in Fig. 2 is always described in terms of body position of the subject. This means 
that the so-called typical sign orientation refers to the person who performs the assignment of mental rotation in the 
sitting position (vertical). From their point of view, the remaining three orientations are not-typical. For the subject 
who performs the mental rotation task while lying on their right side, the “right turn” orientation is typical since only 
then the orientation of their body and the object are found in the canonical placing in relation to each other.
2.4. Procedure 
The mental rotation procedure, analogous to the method worked out by Shepard and Metzler [2] was applied. 
After instructions and a short series of training assignments, the monitored displayed a gray mask for 1 second, and 
then for 2 seconds one of the eight signs in the non-rotated position. Next, the mask was again shown for 2 seconds, 
after which the same object was displayed, but either in the rotated position at 60, 120, 180, 240 or 360 degrees, or 
rotated at one of the mentioned angels and at the same time in a mirror reflection. The axis of rotation was placed 
parallel to the eye of the subject and was located in the geometric center of the sign. 
The assignment of the subject was to give a reply to the question whether the sign seen in the second position is 
only rotated or also at the same time rotated in the mirror reflection, in comparison to the one shown on the previous 
presentation. The type and time of making a decision was registered. During the entire experiment, every subject 
performed 80 assignments of rotation in relation to eight traffic signs. 
3. Results 
Every reply of the subject to the question of whether the object is only rotated, or rotated and in the mirror 
reflection evaluated it under the aspect of correctness. The indicator of correctness of the decision concerned the 
location of a given object, and received the value of 1 – for the correct answer or 0 – for the incorrect answer. The 
time of response (decision) was measured from the moment of the appearance on the screen of the rotated object to 
the moment of undertaking a decision by the tested person concerning its position. With the goal of normalizing the 
layout of this variable, the reaction time was given to logarithmic transformation (ln). For both dependant variables 
(type of decision and RTs), the ANOVA (3 x 4) was carried out. 
(1) There were no differences between subjects rotating objects in the vertical or horizontal body position 
(independently of the sign’s orientation) and there were no differences between subjects rotating objects presented 
in objectively different orientations (independently of the subjects’ body position). 
(2) Signs in typical orientation according to body position were rotated more correctly than in other orientations 
(F(1,120) = 4.85; p<0.029; Ș2 = 0.04). In accord with the hypothesis, signs presented in the typical orientation 
according to body posture orientation were rotated most correctly, signs which were placed “upside-down” in 
relation to body position – least correctly, and signs placed on their right or left sides - more or less on the same 
level, but worse than signs in their typical orientation position and better than signs in vertical position but “upside-
down” (see Fig. 3). Similar tendencies to those presented on the graph concern all kinds of signs taken into 
consideration in the experiment. 
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Figure 3. Correctness of carrying out of mental rotation task depending on the sign’s orientation 
(3) There were statistically significant differences between distributions of correctness and RTs in relation to the 
rotation angle of signs displayed in different orientations, respectively: F(4,128) = 7.83; p<0.001; Ș2 = 0.20 (for 
correctness) and F(4,128) = 18.72; p<0.001; Ș2 = 0.31 (for RTs). The V-shaped curve for correctness and the turned 
V-shaped curve for RTs appeared only for a typical sign’s orientation (see Fig. 4).  
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Figure 4. Dependency between the angle of rotation of signs of various orientation and correctness (left chart) and the time of mental rotation 
(right chart)
(4) People laying on their right side and rotated signs according to the right side orientation experience 
significantly more difficulties at a 60o angle than other angles. The difference between carrying out the 60o rotation 
on a sign with right side orientation, as compared to the level of carrying out the rotation at this same angle on a sign 
in typical orientation turned out to be statistically significant (U-Mann-Whitney: Z = 3.34; p<0.001 for correctness 
and Z = 2.58; p<0.009 for RTs). For people laying on their right side, rotating a sign oriented on its right side at a 
60o angle is more difficult than rotating these signs at a 240o and 300o, respectively, for correctness (Wicoxon: Z = 
1.59; p<0.112 and Z = 2.36; p<0.018) and for RTs (Wicoxon: Z = 3.71; p<0.001 and Z = 2.44; p<0.015). 
In turn, for people laying on the left side and rotating the signs in their left orientation, the rotating signs at a 300o
angle was particularly difficult. Similarly as before, the difference between the level of carrying out the rotating at a 
300o angle on a sign oriented on its left side in comparison to the level of carrying out the rotation at this same angle 
on a typically oriented sign appeared to be statistically essential (U-Mann-Whitney: Z = 1.88; p<0.059 for 
correctness and Z = 2.67; p<0.007 for RTs). For people laying on their left side, rotating the sign oriented on its left 
side at a 300o angle was also as difficult as a 180o rotation typically oriented sign for people who were sitting. 
Similarly in relation to signs oriented on their right the assumption was confirmed that rotating signs oriented on 
their left at a 300o angle is more difficult than signs at a 60o and 120o angle, respectively, as to correctness 
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(Wicoxon: Z = 1.84; p<0.065 and Z = 2.54; p<0.011) and also for RTs (Wicoxon: Z = 3.71; p<0.001 and Z = 3.15; 
p<0.001).
Summarizing, if a sign was right-oriented according to body position, then subjects had more problems with 
objects rotated to the right than with objects rotated to the left. If a sign was left-oriented according to body position, 
there was an opposite relation. 
4. Discussion 
As a result of the carried out research, the hypothesis was confirmed that the level of carrying out mental rotation 
task are dependent on the interaction of two factors: body position and the orientation of the rotated object. In other 
words, the quickest and least number of errors in carrying out an object’s rotation in the imagination is when there is 
concord in body orientation and object orientation, remembered during repeated, daily experiences. It is particularly 
interesting that the above relation is independent of the actual position of the person’s body in the study while 
carrying out the imagination task. Both in the vertical as well as the horizontal position (on one’s side) the mental 
rotation assignment is carried out in accord with the predictions of Shepard and Metzler model (1971), but under the 
condition that there is concord between body orientation and orientation of the rotated object. This means that the 
suggested by Shepard (1982) gravitation factor can have a significantly lower meaning in properly carrying out the 
mental rotation task than the canonical concurrence of the body and object orientations. Simultaneously, the results 
of the experiment support the hypothesis of mental embodiment in accord with which the mental representation of 
space is closely related with the evolutionary formed properties of our body. 
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